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PURPOSE- To continuously process via various types of plasmas by arranging to 
? "fevatTona ly superpose plasma generating chambers attached with vacuum pre- 
HmTnlry chambers and elevationally movably holding a cassette wh,ch contains 
wafers at the side of the chambers. ..... « „ tt ^u~A 

rONSTITUTION: Vacuum preliminary chambers 3 are individually attached 
through intermediate chambers 2 at the side of P*«™ ^*^ p ^^,£ 
Guide rods 4 are stood at the side of the chambers 3. thereby elevationally 
movably holding a cassette base for placing wafer containing cassettes 5. A pair 
of parallel belt conveyors are arranged in the chambers 3 Beltxonveyors 34 are 
arranged at the side, and introduced into notches 7 formed at the base 5 support- 
ed by a guide member 4 by moving the conveyor 34. 




(54) MANUFACTURE OF SEMICONDUCTOR DEVICE 
(11) 60-10626 (A) (43) 19.1.1985 (19) JP 

g?, MfTS^ismDENKI K.1T (72^ rHROSHIGE TAKAHASHI(5) 
(51) Int. CI*. H01L21/302 

PURPOSE- To accurately etch by simultaneously forming a monitoring pattern for 
measuring th fetching amount larger than a contacting hole at the place except 
the pEe where a semiconductor element is formed at the time of forming the 

CONSTITUTION: An interlayer insulating film 2 is formed on a silic on substrate 1, 
and Patterned. An n* type diffused layer 3 is formed on the substrate 1. A mon- 
horing pat"ern 4 for measuring the etching amount of 5„mx5„m is formed on 
he pllce except a semiconductor element. The pattern 4 is formed simultaneous- 
ly with the formation of a contacting hole. Since the etching amount is monitor- 
ed by . the pattern 4, the hole can be extremely accurately etched. 



(54) MANUFACTURE OF SEMICONDUCTOR DEVICE 

(11) 60-10627 (A) (43) 19.1.1985 (19) JP 

(21) Appl. No. 58-116955 (22) 30.6.1983 

(71) FUJITSU K.K. (72) TADASHI KIRISAKO 

(51) Int. CI 4 . H01L21/302.H01L21/02 

PURPOSE: To simply form an accurate alignment mark without decreasing the 
chaVacteristic^ ^ by previously forming the mark when an original crystal is num : 
bered an utilizing the mark subsequently for the step of opening. _ 

CONSTITUTION: An original si crystal 1 is numbered by a laser. After numbering 
a desired alignment mark is formed by the same laser. Then, a resist 5 is coated 
on the crystal 1. and a window is formed at the resist by etching. Then ar i n 
type impurity material ions are implanted on the opened region to form a de- 
sired buried region 6. Then, the remaining resist 5 is removed. 
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Specification /l 1 

1. Title of the Invention : MULTI-STEP PLASMA TREATMENT DEVICE 

2 . Claims 

1. A multi-step plasma treatment device which possesses 
multiple plasma generation chambers which are configured in 
overlapping fashions along the vertical direction and into the 
interiors of which have been integrated wafer transportation 
mechanisms, vacuum preliminary chambers which are attached to the 
profile portions of said respective plasma generation chambers and 
into the interiors of which have been integrated wafer 
transportation mechanisms, guide components which are erected on 
both sides of these vacuum preliminary chambers, wafer storage 
cassettes which are supported by said guide components in 
(un)liftable fashions, and a transportation mechanism which enables 
the exchange of wafers between said wafer storage cassette and said 
plasma generation chambers. 

2. The multi-step plasma treatment device specified in Claim 
1 wherein said vacuum preliminary chamber is configured on one 
profile side of the plasma generation chamber. 

3. The multi-step plasma treatment device specified in Claim 
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1 wherein said vacuum preliminary chamber is auxiliarily configured 
on both profile segments of adjacent plasma generation chambers. 
3 . Detailed explanation of the invention 

The present invention concerns a device which is used for the 
plasma treatment of a semiconductor wafer which serves as a chip 
material for large-scale circuits such as LSIs, super-LSIs, etc. 

In order to manufacture a chip on which a large-scale circuit 
such as LSI, super-LSI, etc. has been formed, a process for etching 
an insulating film, semiconductor film, or a metal film via a 
resist film which confers a microscopic pattern on a semiconductor 
wafer, a process for cleaning the aforementioned film, and a 
process for removing the resist film which has been used for the 
etching operation from the wafer surface are necessary. 

The aforementioned respective processes may be implemented 
based on the wet treatment format, in which various liquid 
chemicals (e.g., inorganic acids, organic solvents, etc.) are used, 
or on the dry treatment format, in which a plasma is used, and the 
plasma treatment, which is superior in terms of processing 
precision and operative efficiency, has recently become popular. 

Even if the aforementioned processes are implemented based on 
the plasma treatment format, however, the treatment conditions of 
the respective processes (e.g., vacuum magnitude, reaction time, 
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reaction gas, etc.) differ from one another, and since only one 
plasma generation chamber (treatment chamber) is configured in the 
plasma treatment device of the prior art, the continuation of 
multiple processes by using a singular treatment device is 
infeasible. £2 

It may seem as if this problem were solvable by configuring 
multiple plasma generation chambers within a singular plasma 
treatment device, but in a case where multiple plasma generation 
chambers are simply configured, an extreme enlargement of the 
device becomes unavoidable, and a more complicated mechanism for 
transferring wafers into chambers becomes necessary, as a result of 
which the treatments become more cumbersome. 

The objective of the present invention, which has been 
conceived for alleviating the aforementioned problems of the prior 
art, is to provide a multi-step plasma treatment device the size of 
which is virtually identical to that of a plasma treatment device 
of the prior art and which enables continuous treatments of wafers 
under different conditions. 

In order to achieve this objective, the multi-step plasma 
treatment device of the present invention is characterized by a 
constitution wherein multiple plasma generation chambers to either 
or both profile portions of which are auxiliarily attached vacuum 
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preliminary chambers are configured in overlapping fashions along 
the vertical direction, whereas guide components are erected on 
both sides of these vacuum preliminary chambers in such a way that 
wafer storage cassettes can be supported by said guide components 
in (un)lif table fashions, whereas the wafer exchange between the 
wafer storage cassette and the interior of the plasma generation 
chamber is enabled by a transportation mechanism which has been 
configured not only on each of the profile sides of the vacuum 
preliminary chambers on the side where the guide components are 
configured but also in the interior of the vacuum preliminary 
chambers and in the interior of the plasma generation chambers. 

In the following, an application example of the present 
invention will be explained with reference to an attached figure. 

Figure 1 is a diagram which shows an oblique view of the main 
components of the multi-step plasma treatment device of the present 
invention. The vacuum preliminary chambers (3), ... are 
individually and auxiliarily configured on either profile sides of 
the multiple plasma generation chambers (1), which have been 

configured in overlapping fashions along the vertical direction, 
via the intermediate chambers (2) , ... A pair of parallel guide 
rods (4) and (4) are erected on [both] profile sides of each vacuum 
preliminary chamber (3). The cassette mount (6), on which the 
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wafer storage cassette (5) is mounted, is guided by said guide rods 

(4) and (4) , and ascending or descending actions of said cassette 

(5) are concomitantly invoked. The ascending or descending actions 
of said cassette mount (6) may, for example, be obtained by 
partially screwing the cassette mount (6) into a screw rod which is 
rotated by a pulse-controlled motor. 

A n-shaped planewise shape on which the notch (7) has been 
formed at its center is embodied by the cassette mount (6) , and the 
exchange of the wafer (8) is enabled while the wafer storage 
cassette (5) is being mounted on it. 

As far as the internal structures of the aforementioned plasma 
generation chamber (1), intermediate chamber (2), and the vacuum 
preliminary chamber (3) are concerned, the reaction gas inlet tube 
(10) is attached to the upper wall (9) of the plasma generation 
chamber (1), whereas the vacuum suction pipe (12), which is 
connected to a vacuum pump, is attached to its side wall ( 11 ) , 
whereas a parallel flat sheet-type electrode structure constituted 
by the upper electrode (13) and the lower electrode (14) , which are 
connected to a high-frequency power source, is configured within 
the plasma generation chamber (1) , whereas cooling water is 
circulated through the interior of said lower electrode (14) via 
the cooling water inlet tube (15) and the water drainage tube (16) , 
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as Figures 2 and 3 indicate. The wafer mount platform (17), 
furthermore, protrudes from the middle of the lower electrode (14) 
in (un)lif table fashions, and the descension limit of this mount 
platform (17) and the lower electrode virtually share a common 
plane . A pair of parallel belt conveyers ( 18 ) and ( 18 ) , 
furthermore, are configured slightly above the lower electrode (14) 
in the lower portion of the interior of the chamber (1) for 
enabling transportations between the left and right. 

The valve mechanism (21) , furthermore, is configured within 
the intermediate chamber (2), which is linked to the chamber (1) 
via the opening (19) and to the vacuum preliminary chamber (3) via 
the opening (20). This valve mechanism (21) is constituted by the 
support unit (24), which is fixed to the rod (23) of the cylinder 
(22) , and the valve mainframe (27)", which is linked to said support 
unit (27) [sic: Presumably "(24)"] via the links (25) and (25), and 
to the frontal plane of which is attached the seal (26) . While the 
rod (23) remains withdrawn inside the cylinder (22), the front end 
of the valve mainframe (27) protrudes springwise from the front end 
of the support unit (24), thereby activating the cylinder (22) and 
inducing the protrusion of the rod (23) , as Figure 4 (a) indicates, 
whereas the chamber (1) and vacuum preliminary chamber (3) are 
hermetically insulated from one another as a result of the contact 
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of the front end of the valve mainframe (27) with the side wall of 
the intermediate chamber (2) , followed by the protrusion of the rod 
(23) , forward displacement of the valve mainframe (27) , and the 
closure of the aforementioned opening (19) , as Figure 4 (b) 
indicates. 73 
Moreover, the vacuum suction pipe (29) is attached to the 
upper wall (28) of the vacuum preliminary chamber (3) , whereas the 
valve mainframe (32), which opens or closes the opening (31), 
is configured on its side wall (30) . A pair of parallel belt 
conveyers (33) and (33) are configured within the vacuum 
preliminary chamber (3), whereas another pair of belt conveyers 
(34) and (34) are configured on the profile ends of the opening 
(31) . Said belt conveyers (34) enable overall movements along 
forward and backward directions (between left and right in Figures 
2 and 3), and in a case where they are moved forward (toward the 
left in Figures 2 and 3), they are latched into the notch (7), 
which has been formed on the cassette mount (6), which is being 
supported by the aforementioned guide rods (4) and (4) , whereas in 
a case where they are moved backward, their rear ends are 
positioned in the vicinity of the opening (31) . These belt 
conveyers (34) and (34) , too, are configured individually in 
correspondence to the respective plasma generation chambers (1) , 
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whereas the belt planes of the belt conveyers (34) and the 
aforementioned belt conveyers (18) and (33) are located virtually 
on an identical plane. 

Incidentally, the belt conveyers (34) were configured 
individually in correspondence to the respective plasma generation 
chambers (1) in the example shown in the figure, but a single belt 
conveyer (34) may be shared by them by designing the belt conveyer 
(34) in (un)lif table fashions. 

Next, a utility example of a plasma treatment device 
characterized by the foregoing constitution will be discussed. In 
this case, an aluminum film above a wafer is selectively etched in 
the first-step chamber, which is located at the uppermost position, 
and the second-step chamber, whereas said wafer is cleaned. in the 
third-step chamber by introducing gaseous CF4, whereas a 
photoresist layer above the aluminum film is removed by means of 
ashing in the fourth-step chamber. Next, it will be concretely 
explained as an example of the present invention. 

First, the wafer storage cassette (5), in which twenty-five 
yet-to-be-treated wafers (8) , ... are being stored, is mounted onto 
the cassette mount (6) , which is being supported by the guide rods 
(4) and (4) , and after it has been positioned above the uppermost 
chamber (1), the vacant cassette (5'), which is being mounted on 
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the cassette mount (6')/ is positioned underneath said cassette 

(5) . The belt conveyers (34) are moved forward from this state 
while the cassette mount (6) is being induced to descend 
concomitantly. Since the notch (7) is formed on the cassette mount 

(6) , the lowermost wafer (8) comes to be mounted on the belt 
conveyers (34) as a result of the descension of the cassette (5) , 
as a result of which the descension of the cassette (5) is stopped, 
and the conveyers (34) are moved backward. 

Next, the opening (31) is opened by rotating the valve 
mainframe (32), and the belt conveyers (34) and (33) are driven, as 
a result of which the wafer (8) is inserted into the vacuum 
preliminary chamber (3). In this case, the opening (19), which 
links the vacuum preliminary chamber (3) and intermediate chamber 
(2) , is closed by the valve mechanism (21) . 

After the opening (31) has been closed by the valve mainframe 
(32) , vacuum suction is performed until a desired magnitude of 
vacuum is achieved in the vacuum preliminary chamber (3) , and after 
the desired magnitude of vacuum has been achieved, the opening (19) 
is opened by the valve mechanism (21) for linking the vacuum 
preliminary chamber (3) and the chamber (1). The wafer (8), 
furthermore, is imported into the chamber (1) by driving the belt 
conveyers (33) and (18). In this case, a desired magnitude of 



vacuum is already established within the chamber (1) . 

Subsequently, the opening (19) is closed by the valve 
mechanism (21) while gaseous CCI4 is being introduced to the 
interior of the automotive part via the reaction gas inlet tube 
(10) . At the same time, furthermore, the wafer mount platform (17) 
ascends, and the wafer (8), which has been mounted on the belt 
conveyer (18), is mounted on the wafer mount platform (17), and 
subsequently, the belt conveyers (18) and (18) are moved 
respectively toward the left and right, eventually resulting in 
their interval surpassing the diameter of the wafer (8) . Next, the 
wafer mount platform (17) descends, and the wafer (8) is mounted on 
the lower electrode (14) . A high-frequency power is impressed 
between the upper electrode (13) and lower electrode (14) in this 
state, as a result of which a plasma is generated, and the aluminum 
film on the wafer (8) surface is etched. 

After an approximate half of the treatment in the first-step 
chamber (1) has been completed, the wafer (8) which has been stored 
in the second lowermost cassette (5) is imported into the second 
lowermost chamber (1) , and the aluminum film on the wafer (8) 
surface is etched by using gaseous CCI4 in this second-step chamber 
(1) . 

The aforementioned cassette (5) is temporarily elevated during 



this etching operation, whereas the cassette (5') is elevated to a 
position corresponding to the uppermost chamber (1) . 

After the etching operation in the first-step chamber (1) has 
been completed, the wafer (8) is returned to the vacuum preliminary 
chamber (3) by reversing the order of the aforementioned 
procedures, and the wafer (8) is mounted onto the belt conveyers 
(34) by driving the belt conveyers (33) and (34) , and the wafer (8) 
which has undergone the aluminum film etching treatment is stored 
in the vacant cassette (5') by moving said belt conveyers (34) 
forward. /4 

Next, the belt conveyers (34) are lowered to positions which 
do not interfere with the ascending and descending actions of the 
vacant cassettes (5) and (5'). Subsequently, the belt conveyer 
(34) , which has been designated in specific correspondence to the 
third-step plasma generation chamber (1) , is moved forward, whereas 
the vacant cassette (5') is lowered, and the wafer (34) [sic: 
Presumably "(8)"], which has undergone the aluminum film etching 
treatment, is mounted on the third-step belt conveyer (34) 
according to procedures similar to the aforementioned ones. At 
this stage, gaseous CF4 is filled into the third-step plasma 
generation chamber (1) as a reaction gas, and a plasma cleaning 
treatment is performed in this chamber (1) . 
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While the cleaning treatment is thus being performed on the 
wafer (8) , which has undergone the aluminum film etching treatment, 
within the third-step chamber (1) , the wafer (8) which has been 
stored in the third lowermost wafer storage cassette (5) undergoes 
an aluminum film etching treatment within the uppermost chamber 
(1) - 

The wafer (8) which has thus undergone the cleaning treatment 
within the third-step chamber (1) is returned once again to the 
vacant cassette (5 1 ) according to procedures similar to the 
aforementioned ones, and subsequently, it is imported into the 
fourth-step chamber (1) according to procedures similar to the 
aforementioned ones. A treatment for ashing a resist film by a 
plasma is performed in this chamber (1) while gaseous O2 is being 
introduced as a reaction gas. Concomitantly, the wafer (8) which 
has undergone the aluminum film etching treatment within the 
second-step chamber (1) undergoes a cleaning treatment within the 
third-step chamber (1) . 

It is thus that multiple wafers continuously undergo plasma 
treatments under different treatment conditions. 

The utility example shown above merely represents an example, 
and the reaction conditions, etc. can be arbitrarily designated. 
In the application example, furthermore, a vacuum pump and a high- 
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frequency power source are configured for each of the individual 
plasma generation chambers, but a single vacuum pump or high- 
frequency power source may also be shared by them. 

A case where the vacuum preliminary chambers (3) ... are 
individually and auxiliarily configured on either profile sides of 
the multiple plasma generation chambers (1), . .., furthermore, has 
been explained in the example shown in the figures, but in an 
alternative embodiment, the vacuum preliminary chambers (3) ... may 
be individually and auxiliarily configured on both profile sides of 
the multiple plasma generation chambers (1) , ... while the wafer 
(8) which has been imported via one vacuum preliminary chamber (3) 
is being exported via the other vacuum preliminary chamber (3) . In 
this case, however, the guide components (4) must be erected on the 
profile sides of both vacuum preliminary chambers, 

As the foregoing explanations demonstrate, the present 
invention provides a constitution wherein plasma generation 
chambers to which vacuum preliminary chambers are auxiliarily 
attached are configured in overlapping fashions along the vertical 
direction within the device mainframe, whereas cassettes in which 
wafers are being stored are retained on the profile sides of these 
vacuum preliminary chambers in (un)lif table fashions via guide 
components, whereas the wafer exchange between the wafer storage 
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cassette and the interior of the plasma generation chamber is 
enabled by a transportation mechanism. Since various plasma 
treatments can be continuously performed on multiple wafers under 
different conditions within a single device, the productivity is 
phenomenally improved in comparison with the prior art, and another 
notable effect lies in the minimal space occupied by the device 
itself, which is no different from that of the device of the prior 
art . 

4 . Brief explanation of the figures 

Figure 1 is a diagram which shows an oblique view of the main 
components of the multi-step plasma treatment device of the present 
invention. Figure 2 is a diagram which shows a longitudinal cross- 
sectional view of the main components of the same. Figure 3 is a 
diagram which shows a lateral cross-sectional view of the main 
components of the same. Figures 4 and 5 are diagrams which show 
lateral cross-sectional views of valve mechanism actions. 

In the figures, the notations denote the following: (1) : 
Plasma generation chamber; (3): Vacuum preliminary chamber; (4): 
Guide components; (5) and (5'): Wafer storage cassettes; (8): 
Wafer; (13) and (14): Electrodes; (18), (33), and (34): 
Transportation mechanisms; (21) : Valve mechanism. 
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